] is a pest of greenhouse-grown floriculture crops worldwide. To determine if plant resistance varied in three populations of impatiens (Impatiens wallerana Hook. f.) collected near San Vito, Costa Rica, 59 genotypes were evaluated for resistance to feeding by WFT. Individual insect-free plants of each genotype were inoculated with 20 laboratory-reared WFT. Thrips were allowed to feed on individual plants for a 4-week period followed by visual evaluations to estimate feeding damage. Feeding damage varied among genotypes. Thirty-seven genotypes had feeding damage levels similar to the susceptible control, while 22 entries were significantly more resistant than the susceptible control. Of the 22 genotypes with some level of resistance, six genotypes were commercially acceptable, having mean visual ratings below 4.0 on a 1 to 9 evaluation scale. Five of these six genotypes were seedlings from a single population and represented 13.9% of the seedlings in that population. The remaining seedling was from a second San Vito population. The plants in these populations identified as having acceptable levels of damage may be useful in a breeding program designed to enhance resistance to WFT feeding damage. Because WFT feeding damage varied among genotypes, the potential for improving impatiens resistance to WFT exists within available germplasm.
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Western flower thrips (WFT) is an opportunistic insect pest in commercial greenhouses worldwide (Mound and Teulon, 1995) . Western flower thrips is a serious pest both inflicting physical damage and vectoring tomato spotted wilt (TSWV) and impatiens necrotic spot viruses (INSV) in many crops (Parrella, 1995) . High-value greenhouse crops such as vegetables, fruit, and especially ornamentals are particularly vulnerable to economic losses associated with thrips damage due to the retail market requirements for an aesthetically pleasing product (Lewis, 1997) . Western flower thrips feeding results in silver mottling or blotching, streaking, and distortion of the leaves and/or petals, all of which reduce the marketability of floriculture crops (Parrella and Jones, 1987) . Managing thrips established in a greenhouse is difficult, requiring floriculture crop producers to rely on insecticides for control. Thrips, however, have developed resistance to several insecticides, including abamectin, acephate, bendiocarb, bifenthrin, cypermethrin, diazinon, dimethoate, endosulfan, fenpropanate, methiocarb, methomyl, and permethrin (Brødsgaard, 1994; Immaraju et al., 1992; Robb et al., 1995; Zhao et al., 1995) . Integrated pest management (IPM) practices, such as rotating insecticide classes, proper scouting with yellow sticky cards, and screening greenhouse vents, will slow the development of insecticide resistance by reducing the selection pressure of excessive insecticide applications on insect populations. This is critical because emerging insecticides that effectively manage WFT are limited. Current IPM practices, while reducing insecticide applications, can be expensive (screening) and not effectively control thrips (biological controls). Additional pest management options in IPM programs are needed.
Host plant resistance, a component of IPM programs, is a good control strategy for WFT (Mound and Teulon, 1995) . Suitability of host plants for thrips varies among genotypes within a plant species. A reduction in insect fitness due to host plant resistance is desirable in that insects not killed by plant allelochemicals will be more susceptible to insecticides and biological predators. This increases the efficiency of control options available to crop producers and promotes increased longevity of currently available insecticides.
Results indicate that chrysanthemum (Dendranthema ×grandifl orum Kitam), gladiolus (Gladiolus grandifl orus Linn.), and impatiens cultivars have varied levels of resistance to thrips (Herrin and Warnock, 2002; van Dijken et al., 1995; Zeier and Wright, 1995) . For example, de Jager et al. (1995) found six of 10 chrysanthemum cultivars negatively impacted feeding of WFT larvae. The variation in cultivar resistance was related to compounds in the leaves.
Impatiens sales in the United States exceed $163 million, making it the number one selling bedding plant (USDA, 2002) . Due to a rapid crop cycle and high susceptibility to feeding by WFT, impatiens is a model crop for use in a host plant resistance breeding program. Host plant resistance to WFT feeding damage is known to be variable within impatiens cultivars (Herrin and Warnock, 2002) . Host plant resistance in impatiens limits the physical damage caused by WFT feeding and thereby indirectly may limit INSV spread. The mechanism(s) of resistance to feeding by WFT in impatiens, while unknown at present, may include physical, chemical, or a combination of both mechanisms. Physical mechanisms of resistance may include pubescence, flower color, pollen shed, and plant architecture. Chemical components associated with resistance can represent a broad array of chemical classes, but are likely to be similar to the secondary metabolites found in chrysanthemums (de Jager et al., 1995) . Additional germplasm resources are needed to identify all possible resistance mechanisms in impatiens. Recent acquisitions of wild-type impatiens populations provide researchers with the opportunity to broaden available resistance mechanisms.
The development of impatiens populations and elite breeding lines with resistance to feeding by WFT is desirable. Evaluation of impatiens germplasm is the first step toward the identification and development of germplasm with improved levels of resistance to thrips damage. As a means of broadening available resistant impatiens germplasm beyond commercial cultivars, the objective of this study was to determine the level of host plant resistance to feeding by WFT in seedlings from three naturalized populations of impatiens.
Materials and Methods
Seed were collected from three naturalized populations of open pollinated impatiens plants near San Vito, Costa Rica, during 1999. These populations were consistent with the botanic description for Impatiens wallerana (Bailey and Bailey, 1976) . Population one contained plants with dark green leaves that were mottled with red pigmentation on the underside and had red flowers. Population two consisted of plants with uniform medium green foliage with white or orange flowers. Population three contained plants with a light green foliage and lavender-toned flowers. These populations represent wild-type plants not previously selected for desirable commercial characteristics or resistance to insect pests. As a result, these populations are not commercially acceptable due to undesirable phenotypes, but may represent a previously untapped source of resistance genes unavailable in commercial cultivars. They present a unique opportunity for researchers interested in improving host plant resistance and selecting for unique phenotypes to enhance commercial cultivars.
HORTSCIENCE 38 (7): 1424-1427. 2003. Seeds from the three populations were sown on 1 May 2000 in 806 cell-packs (48 cells per flat 0.125-L cell) containing Universal Germination Mix (Strong-Lite Corp., Longview, Texas) and were germinated under intermittent mist and natural light levels at temperatures ranging from 21 to 24 °C. Individual seedlings were transplanted from plug flats into 12.7-cm (1.2-L) plastic pots filled with a soilless media (Strong-Lite Universal Mix, Seneca, Ill.) on 15 June 2000. Standard cultural practices, including growing the plants in a glass greenhouse (81.2 m 2 ) with temperatures set at 19 to 20 °C night/24 to 29 °C day under natural light, were followed (Corr, 1998) Due to poor germination and weak plants upon emergence, only 58 seedlings were acceptable for use in the current experiment (Table 1) . One additional impatiens seedling from population one was identified as highly susceptible to WFT feeding in a preliminary experiment seeded on 15 Mar. 2000 and completed on 30 June 2000 (data not presented). Previous research identified commercial cultivars with varying levels of resistance (Herrin and Warnock, 2002) , but the phenotype of commercial cultivars is completely different from the wild-type phenotypes in this experiment. Because resistance to feeding by WFT may be influenced by phenotype, and WFT aggressiveness may vary with season, the previously evaluated seedling from population one, listed as genotype number 58 in Table 1 , was added as a susceptible wild-type control. This control served to indicate that WFT feeding aggressiveness was maintained and as a bottom line standard for susceptibility to which the seedlings in this experiment were compared. Population one, two, or three was represented by 36, 17, or 6 plants, respectively. Plants were treated as individual genotypes in the experiment without regard to the population from which they originated.
To obtain plant uniformity in regard to vegetative and floral maturity, eight terminal cuttings from each seedling (genotype) were taken on 31 July 2000, dipped in 0.3% indolebutyric acid (IBA) rooting powder (Hormex #3, Brooker Chemical, North Hollywood, Calif.), inserted in Oasis (Smithers-Oasis, Kent, Ohio) rooting blocks, and placed under the previously described growing conditions. Cuttings were removed from intermittent mist on 24 Aug. 2002, graded for size uniformity within genotype, and four rooted cuttings from each genotype were transplanted into 12.7-cm (1.2-L) pots as previously described. Thus, each of the 59 genotypes was represented by four single-plant replications of uniform maturity and size for a total of 236 plants in the experiment. Immediately after transplanting, each plant was placed in a completely randomized design and covered with a vented Vivak ® isolation cage [62 cm high and 12-cm diameter with 135-µm thrips screening (Greenthumb Group, Downer s Grove, Ill.) covering vents] to keep plants free of insects until inoculation with WFT. Due to a limited number of WFT, each plant was inoculated with 20 laboratoryreared adult WFT on 7 Sept. 2000, a deviation from the 30 WFT used in previous evaluations (Herrin and Warnock, 2002) . Both 25 and 30 WFT per plant represent extremely high WFT population levels when compared to a loosely accepted commercial level of 2 WFT per plant in some WFT-tolerant crops and 0 WFT per plant in crops highly susceptible to feeding damage and INSV (Dreistadt, 2001) . Four weeks after inoculation, the amount of WFT feeding damage on each plant was visually assessed using a 1 to 9 scale based on the number of leaves on each plant expressing damage (Herrin and Warnock, 2002) . Each plant had >35 leaves, flower buds, and open flowers when evaluated. During the 4-week period of exposure to WFT, six plants in the experiment died due to fungal or bacterial pathogens and could not be evaluated for WFT feeding damage (Table 2) . Thus, six genotypes had missing data points, leaving a data set of 230 plants for analysis. Data were transformed for proper statistical analysis by taking the square root of estimated visual damage (Little and Hills, 1978) . Transformed data were analyzed using the GLM procedure and Fisher s protected least significant difference test of the SAS System for Windows (SAS Institute, Cary, N.C.).
Results and Discussion
Genotype 58, the susceptible control, expressed a high level of feeding damage (Table 1) . This indicates that the WFT colony aggressiveness was high and that genotypes of the three wild-type populations with similar ratings can be considered susceptible to feeding by WFT.
The amount of WFT feeding damage varied by genotype (df = 58, MS = 0.378, F = 2.45, P < 0.001) but not replication (df = 3, MS = 0.281, F = 1.82, P = 0.1452). As each genotype was an individual entry in the experiment, the impact of plant population on WFT feeding was not discernible with the analysis. The overall mean visual rating of feeding damage was 6.2, but ratings ranged Table 1 . Mean visual rating of western flower thrips (WFT) feeding damage on 59 impatiens genotypes obtained from seed collected from plants in three open pollinated populations near San Vito, Costa Rica. Mean visual ratings were determined 4 weeks after inoculation with 20 adult WFT using a 1 to 9 scale based on the number of leaves expressing WFT feeding damage, where 1 = no damaged leaves and 9 = greater than 35 damaged leaves. Ratings less than 4.0 are commercially acceptable in that less than 10 leaves express WFT feeding damage. from a high of 8.75 for genotypes 29 and 58, to a low of 2.75 for genotype 19 (Table  1) . Most genotypes had damage that would be considered commercially unacceptable, having >10 damaged leaves (visual ratings >4.0) per plant (Herrin and Warnock, 2002) . A rating >4.0 is considered commercially unacceptable, based on consumer preference for an unblemished product and standards for evaluating floral crop quality (Ferris, 1998) . Thirty-seven genotypes had feeding damage levels similar to genotype 58, the highly susceptible control (Table 1) . Of the 22 entries that were significantly more resistant than the highly susceptible control, genotypes numbered 6, 14, 18, 19, 20, and 46 were commercially acceptable, having mean visual ratings below 4.0 (Table 1) . These six genotypes, with the exception of genotype 46 that was derived from population two, were from population one (Table 1) . Thus, 13.9% of the plants derived from population one had acceptable levels of feeding damage by WFT while 5.9% of the plants from population two were acceptable. The plants identified in these populations as having acceptable damage levels may be useful in a breeding program as a source of resistance traits likely unavailable in commercial cultivars.
Of the 22 entries that were significantly more resistant than the highly susceptible control, nine were not significantly different from genotype 19, the most resistant genotype in this experiment, and visual ratings ranged from 2.75 to 4.75 (Table 1 ). The broad range may be attributed to the visual rating scale. Breeders must decide between slow, precise evaluation methods and faster evaluation methods with larger sampling errors, which may obscure genetic differences (Fehr, 1987; Guthrie et al., 1978) . Additionally, the relationship between biological damage levels and economic damage levels may not be linear (Warnock and Davis, 1998) . Plant breeders must choose the best evaluation scale for the crop and breeding program objectives. Host plant resistance breeding often falls to public institutions that can provide the significant amounts of time often needed to develop improved populations and germplasm lines subsequently utilized by private industry to enhance commercial cultivars.
The separation of highly susceptible genotypes from more resistant genotypes is a critical first step for breeding programs seeking to enhance host plant resistance. As designed, the 1 to 9 scale equally weights individual leaves with single or multiple damage sites, allowing the separation of highly susceptible and more resistant genotypes, but does not easily separate plants within a resistance classification. When combined with a much slower quantitative evaluation method based on digital image analysis, visual evaluations and digital image analysis were positively correlated and plants within a resistance classification were separated to identify the most resistant genotypes (Herrin, 2000) . Because the germplasm chosen for this experiment represented wild-type plants with many commercial faults, the visual estimation of damage was considered to be the most appropriate starting point for accessing germplasm potential. Results from this trial indicate that the San Vito impatiens populations contain varying levels of resistance to feeding by western flower thrips (Table 1) .
Compared to commercial impatiens cultivars, however, phenotypic variables make plants obtained from the San Vito populations unacceptable. Current commercial cultivars are bred to have a compact spreading habit (height usually <35 cm with widths up to 40 cm), a high number of large flowers (3-to 5-cm diameters), multiple flowers per peduncle (2-3), and flowers held well above the foliage ( 4 cm above). Plants from the San Vito populations typically have upright growth habits (heights >45 cm with widths typically <50 cm), minimal branching, smaller (2-to 4-cm diameters) and fewer flowers per peduncle (1-2) than the commercial cultivars, and flowers that are often hidden within the foliage canopy. Significant phenotypic selection must occur before plants derived from the San Vito populations are commercially viable. However, previous research indicated that two commercial cultivars, 'Cajun Carmine and 'Super Elfin Lavender , had some resistance to WFT feeding (Herrin and Warnock, 2002) . These cultivars have phenotypic traits acceptable to the commercial industry and should be crossed with plants selected from the San Vito populations having the greatest resistance to feeding by WFT. Subsequent offspring may then be selected for desirable phenotypes and resistance.
The mechanism(s) of resistance in the San Vito population and the commercial cultivars are unknown but may include factors that are chemical, physical, or both. Observations during data collection and plant breeding activities indicate that impatiens genotypes with little pollen shed are less attractive to WFT than good pollen producers (Warnock, personal observation) . Chemical resistance components exist in chrysanthemum (de Jager et al., 1995) , and similar components in impatiens may explain the reduced level of physical damage expressed by some cultivars. In addition, resistance factors in the San Vito populations may be unique, thereby allowing gene pyramiding to enhance resistance to WFT feeding beyond the currently detected level. Populations containing various resistance factors should be combined with commercially acceptable impatiens to obtain plants meeting industry expectations for architecture and to obtain improved levels of resistance to WFT feeding. Impatiens with resistance to WFT feeding may be incorporated into existing IPM programs to reduce insecticide applications to manage WFT during crop production. A reduction in insecticide applications will lower production costs, minimize worker exposure to insecticides, and limit negative environmental impacts.
Conclusions
The amount of WFT feeding damage varied among impatiens genotypes derived from seed obtained from open pollinated plants of the San Vito, Costa Rica, area. This suggests that resistance factors to WFT feeding exist in impatiens germplasm and that resistance to WFT feeding damage may be improved through breeding and selection. Before plants from the San Vito populations are commercially acceptable, phenotypes must be selected that meet industry standards. When combined with other IPM, host plant resistance adds to options available to producers for managing damage caused by western flower thrips without the risks associated with increased insecticide usage.
